Herein, we detail several important life-history parameters of the banded coral shrimp, Stenopus hispidus, a popular marine ornamental shrimp. Among the life history parameters described are 1) size at settlement, 2) molt interval, 3) post-settlement mortality and movement, 4) growth, and 5) relative fecundity. Overall, we document the effects of body size on several life-history parameters. Molt interval increased and growth increments declined as shrimp body size increased. Furthermore, mortality was sizespecific in S. hispidus; large individuals had higher survival rates than smaller individuals. We also show that variation in size at settlement of S. hispidus in the upper Florida Keys, U.S.A., was much smaller than that found in previous studies from other parts of the world. Based on field measures of size at settlement, molting probability, and growth increment per molt, we developed a crustacean growth model, which included discontinuous growth and natural variability in the parameters. With it, we describe expected patterns of growth and post-settlement age for S. hispidus in the upper Florida Keys. Finally, we document positive relationships among female body size, egg mass volume, and egg number.
Although much is known about the cleaner shrimps, several key factors of their life history are still unknown. In fact, most studies that deal with cleaner shrimps concentrate on alternative mating strategies (Bauer and Holt, 1998; Lin and Zhang, 2001) ; larviculture (Young, 1979; Zhang et al., 1997) ; reproductive behavior (Yaldwyn, 1964; Johnson, 1969 Johnson, , 1977 Fletcher et al., 1995; Zhang et al., 1998) ; and/or cleaning behavior (Limbaugh et al., 1961; Stolen, 1964) . Furthermore, all of these studies have been conducted in the laboratory and, therefore, do not document naturally occurring life-history parameters.
Field life-history information is particularly critical because these organisms are currently targeted globally in the marine ornamental trade. It is estimated that the global trade of ornamentals and associated accessories is in excess of $7 billion/year (Andrews, 1990) . In 1998, the trade of invertebrates for aquaria was valued at $30 million in the United States alone, and virtually all of the invertebrates in the aquarium trade are marine species (Larkin and Degner, 2001) , including 18 species of cleaner shrimps (Fletcher et al., 1995) . In addition to potential declines in cleaner shrimp abundance, it has been hypothesized that their harvest from the natural environment for the aquarium trade can result in a decline in the local fish population, therefore having broader implications for the ornamental trade and reef communities (Fletcher et al., 1995) . Only when life-history parameters such as growth rates, survival, and fecundity are better understood can reliable management practices be implemented.
One of the most popular cleaner shrimps in the marine ornamental trade is the banded coral shrimp, Stenopus hispidus (Olivier, 1811) (Zhang et al., 1998) . Stenopus hispidus is a reef-associated cleaner shrimp (Decapoda: Stenopodidae) with a worldwide distribution. It is known to remove and consume ectoparasites, injured or dead tissues, and excess food particles from fishes (Limbaugh et al., 1961; Johnson, 1977) . As adults, S. hispidus are found in crevices or overhangs in reefs at depths ranging from less than 1 to 210 meters and are thought to move over an extremely limited area (less than 1 m 2 ), with males exhibiting territorial behavior within this area (Limbaugh et al., 1961; Stolen, 1964; Young, 1979; Fletcher et al., 1995) .
Adults are typically found in reproductive pairs (Johnson, 1969; Young, 1979) , and it is believed that shrimp form these pairs as juveniles and grow up together (Limbaugh et al., 1961) . Females are thought to reach sexual maturity at ;30 mm TL (Stolen, 1964) . Unlike many other cleaner shrimps that exhibit simultaneous hermaphroditism, S. hispidus shows no signs of hermaphroditism (Fletcher et al., 1995) . Mating usually occurs within 12-48 hours of a female molt, after which, the female deposits a blue-green egg mass on the swimmerets under the abdomen (Limbaugh et al., 1961; Zhang et al., 1998) .
After spawning, as the larvae develop, the eggs in the egg mass progress from heavily pigmented towards transparency, where darkly pigmented eyespots begin to appear. Larvae typically hatch within 16 days of fertilization at 288C (Young, 1979) . Like many other members of the family Stenopodidae, newly hatched S. hispidus larvae go through nine larval stages before settling to the benthos (Gurney and Lebour, 1941) . However, compared to most stenopodids, S. hispidus has a long larval duration (at least 123 days) and has shown the ability to delay metamorphosis up to as many as 210 days, until suitable nutritional or environmental conditions are encountered (Gurney and Lebour, 1941; Williamson, 1976; Fletcher et al., 1995) . Because of its long larval duration and potential to delay metamorphosis, little progress has been made in the culture of S. hispidus in the laboratory, unlike many other species of cleaner shrimps (Zhang et al., 1997) .
The objective of this paper is to provide additional detailed life-history information on S. hispidus, including estimates of 1) size at settlement, 2) molt interval across the range of sizes, 3) post-settlement survival and movement, 4) growth, and 5) relative fecundity and egg number. Our estimates of S. hispidus growth stem from data collected in an extensive tagging study, which allowed for the estimation of weekly molting probability and growth increment per molt under natural conditions. These data were incorporated into a crustacean growth model (Chen and Kennelly, 1999) . Ultimately, these life-history parameter estimates may also aid in the management of this species in the marine ornamental trade.
MATERIALS AND METHODS

Size at Settlement
Larval light traps and artificial settlement substrates have been valuable tools in the collection of settlers (van Montfrans et al., 1995; Sponaugle and Cowen, 1996; Reyns and Sponaugle, 1999; Meekan et al., 2001) . However, previous studies using these approaches with S. hispidus in the upper Florida Keys, U.S.A., have been unsuccessful (Chockley, 2002) . Therefore, we estimated size at settlement of S. hispidus through the use of extensive surveys and artificial reefs.
A previous study by Gurney and Lebour (1941) provided descriptions and sketches of S. hispidus postlarvae. One distinguishing characteristic among these postlarvae was the presence of red on the body and legs in less distinguishable bands than that of adults. We observed similar color patterns among small S. hispidus in the upper Florida Keys. Because this color pattern matched the one described by Gurney and Lebour (1941) , we assumed these shrimp had recently settled. Therefore, we conducted extensive surveys for S. hispidus of this color pattern among several reefs in the upper Florida Keys. All shrimp encountered were collected and measured (mm TL) underwater and released.
On June 19, 2002, 87 small (less than 1 m 2 ) artificial reefs, each consisting of five limestone rocks from a local quarry, were deployed in a linear array (five meters apart), approximately five meters from a natural contiguous reef, in the upper Florida Keys. From July 25 to August 3, 2002, each reef was surveyed daily and emptied of all fishes and invertebrates (including S. hispidus) using Eugenol (an anesthetic, also known as clove oil). All S. hispidus collected from these reefs were then measured (mm TL).
A pooled mean size was calculated from all measured individuals. We checked for possible outliers, individuals greater than three standard deviations from this mean, and removed them. After removing outliers, a mean size at settlement was calculated from the remaining individuals.
Molt Interval
To overcome the challenges associated with measuring growth in molting organisms, we quantified molt interval and the growth increments associated with molting events. To recognize molting in the field, we used a combination of internal tags that identify individuals and are retained after molting, and molt-indicator tags that are lost with each molt (Ennis, 1972; McCaughran and Powell, 1977; Taylor and Hoenig, 1990; Godin et al., 1996; Chen and Kennelly, 1999) . To evaluate the efficacy of this approach, we quantified molt interval in the laboratory prior to using it in the field.
In the laboratory, we measured the association between initial body size and molt interval and used those data to inform the quantification of patterns of molting and thus the sampling regime for our field studies. We combined internal tags, described below, with an ablation of the left exopod for each shrimp. Upon molting, the ablated exopod is replaced with a new exopod (Linnane and Mercer, 1998) allowing us to identify a newly molted shrimp.
Twenty-seven shrimp, of various sizes, were purchased from a collector operating in the upper Florida Keys (Sea Life, Inc.) and maintained in a closed-system aquarium at the University of Florida, Department of Zoology from March 12 to May 3, 2002. Of these shrimp, 12 were of unknown sex, 8 female (3 gravid), and 7 male. These shrimp ranged from 21.1 mm TL to 57.9 mm TL. Initially, the mean (6 standard error) body size of these shrimp was 37.42 6 2.25 mm TL. All shrimp were housed in individual, 2-L, flow-through containers. Water temperature fluctuated between 248 and 268C and salinity was kept between 35-39 ppt. All shrimp were fed quartered silverside fish once every three days. Upon introduction to the aquaria, all shrimp were measured (mm TL), sexed, and tagged. Daily inspections for molting events were then conducted for 52 days.
The criteria used to sex individuals were revised from those given by Stolen (1964) and Johnson (1969) : (1) if a single, median spine was found on the ventral surface of the abdominal segments of a shrimp greater than 30 mm TL, it was assumed to be a male; (2) if a shrimp greater than 30 mm TL lacked spines, it was called a female; (3) if a shrimp carried a blue-green egg mass on the ventral surface of the abdomen or had a blue-green mass beneath the dorsal surface of the carapace, it was assumed to be female; (4) all individuals less than 30 mm TL (which typically have an abdominal spine) were categorized as unknown sex, unless criterion 3 was met.
Internal tagging consisted of an injection of non-toxic, acrylic paint just beneath the dorsal surface of the second-tolast abdominal segment. A similar method was used with juveniles and adults of a popular food shrimp (Penaeus vannamei) and found to result in 99.9% and 100% tag retention, respectively, after as many as 23 molts (Godin et al., 1996) .
Upon molting, each shrimp was re-measured. Molt interval (i.e., the time between two successive molts) was calculated for each individual molt, as well as a mean interval for those individuals that molted more than once during the study. A linear regression model was fit to describe the relationship between molt interval and body size. Mean molt intervals for females and males were compared with a t-test. The results from this portion of the study primarily guided field data collection. We based our more detailed analysis of molt interval and the growth model on field measures of molting.
In the field, molt interval was quantified in the course of our field surveys in the year 2002. The details of that study (i.e., the interval between surveys and the duration of the study) were guided by the result of our laboratory measurements of molting. The full details of the survey are presented below.
Post-Settlement Movement and Mortality
To quantify natural mortality rates of S. hispidus, we conducted a tagging study at five sites in the upper Florida Keys during the summers of 2001 (July-August) and 2002 (May-July). These sites consisted of two sections of an offshore contiguous reef and three inshore patch reefs. Further details of these sites are presented in Table 1 .
Shrimp at each site were tagged, measured (mm TL), and sexed underwater. To keep track of individuals, a total of six colors were used (black, green, blue, red, orange, and yellow) and the distance between two shrimp with the same color was maximized and always greater than their estimated home range (;1 m) (Limbaugh et al., 1961; Stolen, 1964; Young, 1979) . Holes where shrimp were found were marked with numbered flagging tape and mapped to facilitate revisitation. We then conducted extensive weekly surveys of each study site. In these weekly surveys, we 1) recorded presence/absence of previously tagged shrimp; 2) tagged, measured, and sexed any newly encountered shrimp; and 3) in 2001, measured the distance moved (when an individual moved from its last recorded location).
For analysis of survivorship, shrimp were broken into five size categories: 10-20 mm TL, 20-30 mm TL, 30-40 mm TL, 40-50 mm TL, and 50-60 mm TL. Because each shrimp was individually tagged, the time to disappearance of an individual was known. These times were analyzed using a survivorship analysis (Cox's Proportional Hazards Model), which allows for the estimation of the effects of covariates in shrimp disappearance (Barbeau et al., 1994; Allison, 1995) . Because of the small home range reported for this species, we assumed that disappearances were the result of mortality rather than movement. To eliminate tagging induced mortality from estimates of mortality, we excluded all shrimp that died within the first week of tagging. Covariates considered in the survivorship analysis included shrimp size category (five size categories, as above) and year (2001 or 2002) . For all categories of all significant covariates, separate survivorship curves were estimated with survivorship analysis (PROC LIFETEST, SAS Institute). This analysis also identifies significant differences among any two of the categories (Allison, 1995) .
To describe S. hispidus movement, a mean distance moved was estimated from all repeated observations of shrimp (including 0-m movements). We also estimated an overall probability of movement. Finally, we estimated the mean distance moved for all non-zero movements.
Growth
In the year 2002, we extended our shrimp surveys to include measurements of growth, both molt interval and growth increment. Specifically, in the weekly surveys of tagged individuals, we re-measured and re-clipped any individuals who were missing their molt indicators. We also added an additional survey site offshore (Crocker Shallow; details in Table 1 ).
Based on the results from the laboratory study of molt interval (see Results) and previously published data (Johnson, 1977) , this study ran for 70 days in order to maximize the probability of an individual molting twice in the duration of the study.
Time to each molt (weeks), as well as growth increments, were measured for all tagged shrimp that were observed to molt in the tagging study. Using shrimp that molted more than once, the weekly probability of molting was estimated. Because of the relationship between shrimp size (mm TL) and molt interval (days) identified in the laboratory moltinterval study (see Results), we expected shrimp of different sizes to have different molt intervals (weeks) in the tagging study. We used a survivorship analysis to characterize the distribution of molting times and to describe the time-and size-specific probability of molting from field data. Specifically, we applied Accelerated Failure Time models and compared several alternative assumptions about the error distribution (i.e., exponential, log-normal, Weibull, and gamma). We used likelihood-ratio tests to compare these alternatives and selected the model with the best fit (Allison, Table 1 . Details of sites used in the tagging studies. All sites were used in both the mortality and growth tagging studies except Crocker Shallow, which was only used in the growth tagging study. 1995). In the case of molting, the best-fit model assumed a generalized gamma distribution. Therefore, the probability of a shrimp molting by week t, P(m), was estimated as
with the incomplete gamma function in the numerator and the gamma function in the denominator. The parameters d and r, represent the shape and scale parameters in the model, respectively; the parameters a and b characterize the effect of the covariate, size (s). This weekly probability of molting, P(m), was then incorporated into a crustacean growth model. The relationship between growth increment and pre-molt size was estimated using polynomial regression (Sokal and Rohlf, 1995) . The best-fit model for this relationship was used to provide estimates of growth increment for a given pre-molt size, also to be used in the crustacean growth model. Additionally, deviations from this predicted growth increment (G d ) were calculated to provide estimates of variation in growth. These deviations were also incorporated into the growth model as detailed below.
We modeled S. hispidus growth through the application of an approach first used by Chen and Kennelly (1999) , referred to as the probabilistic stepwise growth curves (PSGC) approach. This approach generates a distribution of growth curves that mimic the discontinuous pattern of shrimp growth while incorporating intrinsic variation in the data. Similar to Chen and Kennelly (1999) , the growth of a population of shrimp was simulated using the following sequence of steps: (1) a size at settlement, L 1 , was chosen from the observed distribution of settler sizes (see Results); (2) for each subsequent week an individual molted (at random) with probability P 1 (Equation 1); (3) if no molting occurred, then the same process was repeated for the next week; (4) when the individual did molt, its new size was determined as L 2 ¼ L 1 þ ÁL þ G d , where ÁL is the predicted growth increment and G d is a random deviation from this predicted increment (G d was normally distributed about the expected growth increment with variance equal to the observed sample variance). This process (steps 2-4) was repeated for 100 shrimp for 100 weeks, in order to obtain a distribution of growth curves. Mean size (6 standard deviation) at post-settlement age was estimated from this distribution of growth curves to describe growth of the average shrimp. This growth model was constructed to provide an estimate of growth for an average shrimp and, therefore, all differences in size structure among the sites used in this study were ignored and all shrimp were treated as if from a single population. Egg samples were collected (;20 eggs per female) and preserved in 10% buffered Formalin (2001 ) or 95% EtOH (2002 . Ten eggs from each female were randomly selected and the greatest dimension (i.e., diameter) of each egg was measured (mm) with a dissecting microscope integrated with an image analysis program (Image Pro Plus). Mean egg diameter (d e ) was estimated for each female, and mean egg volume (V e ), for each female was calculated as p(d e 3 )/6 (Zhang et al., 1998) . Finally, egg number (N e ) was estimated as V m /V e .
Because these measurements (female length, female mass, V m , and N e ) were assumed to be allometric, they were logtransformed (base 10) and fit with linear regression models to investigate the relationships between log 10 (female length) and log 10 (wet body mass), log 10 (V m ), and log 10 (N e ), respectively (LaBarbera, 1989) . Because preservation method may have an effect on egg size, a two-way ANCOVA was conducted to evaluate possible effects of log 10 (female length), preservation method (alcohol or Formalin), and their interaction on log 10 egg diameter (d e ).
RESULTS
Size at Settlement A total of 14 individuals were collected from the surveys (n ¼ 7) and artificial reefs (n ¼ 7). The average (6 SD) TL of these individuals was 17.61 6 2.84 mm. One individual was considered an outlier (27 mm TL). When this outlier was excluded, mean (6 SD) TL of settlers was 16.88 6 0.89 mm, with individuals ranging 14.8-18.4 mm TL.
Laboratory Molt Interval
Of the 27 individuals initially purchased for this study, four died before any molts were recorded. Therefore, there were a total of 23 individuals used in this study. Of these, 14 had multiple molts, and virtually no growth was observed from these individuals. Therefore, the molt intervals were averaged for each individual. The overall mean (6 standard error) intermolt duration was 23.18 6 1.65 days. Molt interval was positively related to shrimp length (Linear Regression: a 6 SE ¼ÿ2.3815 6 3.44, b 6 SE ¼ 0.60 6 0.09, P , 0.0001, r 2 ¼ 0.6931; Fig. 1 ). There was no significant difference in the molt interval between males and females (t 12 ¼ 0.019, P ¼ 0.9851). Mean (6 SE) molt interval for females was 25.07 6 2.52 days (n ¼ 7), whereas that for males was 25.0 6 2.65 days (n ¼ 7). All ablated exopods were replaced upon subsequent molts, and internal tags were retained in 100% of molting events.
Post-Settlement Mortality and Movement
In all, the studies in 2001 and 2002 resulted in a total of 140 tagged individuals. Of these, 69 were right censored (i.e., lived past the end of the study). There was no significant effect of year (Wald's Chi-square: v 2 ¼ 0.1069, P ¼ 0.7437) on shrimp survival, but there was a significant effect of shrimp size (Wald's Chisquare: v 2 ¼ 28.80, P , 0.0001) on survivorship. When both years were combined, at least two of the five size categories differed significantly in their survivorship (Wilcoxon: v 2 ¼ 37.08, P , 0.0001). Shrimp of smaller size categories had much lower survivorship than did those in larger size categories (Fig. 2) .
Of 109 shrimp resightings, only 21 positive (greater than 0 m) movements were recorded, approximately 86% of which were greater than 1 m. Therefore, the probability of movement was only 0.193. Among the 109 resightings, shrimp moved an average (6 SE) of 0.34 6 0.12 m. However, when only positive movements were analyzed, the average (6 SE) movement increased to 2.85 6 0.54 m. The longest of these movements was 9.33 m, by a 53.2 mm TL male who seemed to be moving between two mature females.
Field Growth
Fifty-five of the 83 tagged shrimp were observed to molt over the course of the 10-week study, and 44 of these shrimp molted more than once. This resulted in 98 measurements of growth increments and 44 measurements of molt interval. In one case, a shrimp was not sampled for several weeks and later re-sighted having molted; this individual was excluded from the analysis.
Survivorship analysis revealed a significant effect of shrimp size (mm TL) on time to molt (weeks) (Wald's Chi-square: v 2 ¼ 45.80, P , 0.0001). Estimates for the fitted parameters, d, r, a, and b (6 SE), were as follows: d ¼ ÿ0.6007 6 0.4302, r ¼ 0.4044 6 0.0529, a ¼ ÿ0.5798 6 0.2122, and b ¼ 0.0350 6 0.0052. The estimated weekly probability of molting increased with time and decreased rapidly as shrimp size increased (Fig. 3) . The relationships between molt interval and body size (mm TL) from our laboratory and field studies were indistinguishable.
The mean growth increment (6 SE) was 1.64 6 0.23 mm, ranging from ÿ4.2 to 7.9 mm, and varied substantially among individuals with different pre-molt sizes. The relationship between pre-molt size and growth increment was hump shaped, and best described by a quadratic model (Polynomial Regression: F 2,95 ¼ 8.72, P ¼ 0.0003):
where ÁL i is the growth increment after a molt, L i is the pre-molt size, e i is an error term, and a (6 SE) ¼ÿ2.5265 6 2.05, b (6 SE) ¼ 0.32 6 0.13, and c (6 SE) ¼ÿ0.0051 6 0.002 (Fig. 4) . However, growth was highly variable, with premolt size accounting for only 15.5% of the variance in growth. Growth simulations showed that size increased rapidly during the first 30 weeks, gradually slowing, and essentially stopping after approximately 50 weeks (;1 year). Shrimp reached maximum size of about 53 mm TL (Fig.  5) . Variation in length increased as postsettlement age increased until about 35 weeks (0.67 year), when it began to decrease slightly.
Fecundity
There was no effect of preservation method on log 10 (d e ) (ANCOVA: F 1,37 ¼ 0.83, P ¼ 0.3669). Therefore, all females were included in the regression analyses. Averaged across the entire sample, female length (TL) was 46.80 6 0.91 mm (n ¼ 41), wet body mass was 3.01 6 0.28 g (n ¼ 33), egg mass volume was 292.48 6 37.98 mm 3 (n ¼ 41), egg diameter was 0.617 6 0.014 mm (n ¼ 41), egg volume was 0.131 6 0.009 mm 3 (n ¼ 41), and egg number/clutch was 2,557 6 337 eggs/brood (n ¼ 41) (6 SE). Most of these variables covaried positively with one another. Log 10 (wet body mass) was significantly related to log 10 (female length) (Linear Regression: a 6 SE ¼ÿ6.08 6 0.30, b 6 SE ¼ 3.89 6 0.18, F 1,31 ¼ 474.28, P ,0.0001, n ¼ 33, r 2 ¼ 0.94). However, the slope produced by this study (b 6 SE ¼ 3.89 6 0.18) was significantly different (t 53 ¼ ÿ64.74, P , 0.0001) from that of Zhang et al. (1998) (b 6 SE ¼ 3.12 6 0.14) (Zar, 1996) . As log 10 (female length) increased, log 10 (egg mass volume) (V m ) increased (Linear Regression: a 6 SE ¼ÿ4.99 6 1.10, b 6 SE ¼ 4.40 6 0.66, F 1,39 ¼ 44.42, P , 0.0001, n ¼ 41, r 2 ¼ 0.53; Fig. 6a ) and log 10 (egg number) (N e ) increased (Linear Regression: a 6 SE ¼ ÿ4.21 6 1.29, b 6 SE ¼ 4.48 6 0.78, F 1,39 ¼ 33.41, P , 0.0001, n ¼ 41, r 2 ¼ 0.46; Fig. 6b ). Egg diameter was independent of female body size (ANCOVA: log 10 (female length), F 1,37 ¼ 0.70, P ¼ 0.4073; interaction, F 1,37 ¼ 0.83, P ¼ 0.3670).
DISCUSSION
Taken together, our results suggest that S. hispidus in the upper Florida Keys settle onto the benthic habitat at a consistent size of approximately 17 mm TL. Prior to maturation, both mortality and growth are strongly sizedependent. Smaller individuals experience higher mortality rates, with the weekly probability of survival increasing by approximately 6% per 1 mm increase in body size. Both the molt interval and the growth increment associated with each interval are size-dependent, resulting in a decelerating relationship between size and post-settlement age. Smaller shrimp molt more frequently and growth increments first increase and then decrease with increasing body size. Size at age begins to decelerate with the onset of reproduction (at approximately 30 mm TL, Stolen 1964) and ultimately plateaus at approximately 53 mm TL. As is typical of Crustacea, reproduction is also size-dependent in S. hispidus. We found reproductive females as small as 33.5 mm TL, consistent with the published size at first reproduction of 30 mm TL (Stolen, 1964) . Based on the results of our growth model, this size corresponds to only 15 weeks post-settlement in the upper Florida Keys. Clutch size increases approximately exponentially with increasing female size from that point. Overall, the life history we describe for S. hispidus is similar to that of other wellstudied Crustacea.
Size at Settlement
Previous estimates of size at settlement for S. hispidus are highly variable, ranging from last larval stage measurements of 21-31 mm to postlarva measuring 10-31 mm (Gurney and Lebour, 1941; Williamson, 1976; Fletcher et al., 1995) . A portion of the substantial difference in last larval and postlarval length can be attributed to the rostrum of the last larval stage, which is greatly reduced at metamorphosis. This larval feature accounts for as much as 31% of the total body length in the last larval stage (Gurney and Lebour, 1941) . It has been hypothesized that it may be possible for larvae in the last stage to change to another practically identical larval stage and continue to grow to a larger size, because of extended periods of feeding in the water column (Gurney and Lebour, 1941; Zhang et al., 1998) . The laboratory observation of delayed metamorphosis in S. hispidus (Fletcher et al., 1995) is also consistent with this hypothesis. All individuals encountered in this study were of the postlarval stage and within the size range of those described in Gurney and Lebour (1941) and Williamson (1976) . However, the variation in the size of settlers in this study was much smaller than those reported in Gurney and Lebour (1941) and Williamson (1976) . This may be due to Probability of molting in the second week after molt as a function of shrimp length (mm TL). Both of these curves are predicted from Eq. 1 using the parameters estimated in the survivorship analysis (generalized gamma model).
differences in environmental factors such as temperature or depth in the regions studied. Gurney and Lebour (1941) only collected individuals from Bermuda, but sometimes from great depths (300 m), whereas Williamson (1976) collected individuals from throughout the Indian Ocean. This suggests that there may be extensive spatial variation in the size at settlement of S. hispidus. Also, Gurney and Lebour (1941) and Williamson (1976) only vaguely described those shrimp that they considered post-larvae and, therefore, it is possible that they included larger juveniles. Further studies are needed to describe spatial variation in S. hispidus size at settlement.
Post-Settlement Mortality and Movement
Size-selective mortality, where smaller individuals are more vulnerable, has been shown for several marine invertebrates (Barbeau et al., 1994; reviewed in Peterson and Black, 1994; Pile et al., 1996; Moksnes et al., 1998) , including bivalves, gastropods, crabs, and lobsters. Many of the studies that documented this type of size-selective mortality in marine invertebrates used tethering as a means of investigating differential mortality rates between differentsized individuals. Tethering studies are used to study potential predation rates because investigators are concerned with post-settlement movement, which may be confused with mortality. Our results, however, indicate that S. hispidus is extremely limited in post-settlement dispersal, which is consistent with previous studies (Limbaugh et al., 1961; Stolen, 1964; Young, 1979) . Thus, we feel confident that the patterns of disappearance we document from our surveys are representative of mortality rates. It is important to note that the estimates of survivorship in this study are meant to describe the survivorship of the average shrimp, and therefore ignore any differential survivorship among the sites used in the study.
Growth and Molt Interval
Consistent with our findings, previous studies have shown a positive effect of body size on molt interval in other Crustacea (Tremblay and Eagles, 1997; Chen and Kennelly, 1999; Comeau and Savoie, 2001) . The reduction in molt frequency (i.e., the increase in molt interval) as body size increases may be due in part to the onset of sexual maturity, and, in females, the brooding of eggs. Because molting and brood development are related in S. hispidus, the increased molt interval may be required to assure sufficient time for embryo development (16 days) (Young 1979 ) and oocyte maturation. However, this does not appear to be the only explanation, because the relationship between size and molt interval is linear; there is no distinct change in molt interval associated with sexual maturity. Furthermore, male molt interval is not different from that of females.
The hump-shaped relationship between body size and growth increment that we document has not been shown in other crustacean species. However, most studies that characterize this relationship do so with linear regression analyses, typically resulting in either a significant positive relationship or no significant relationship at all (Ennis, 1972; Tremblay and Eagles, 1997; Chen and Kennelly, 1999) . Thus, the differences may in part result from the nature of the analyses. We have sampled over a wide range of sites in the upper Florida Keys, and site heterogeneity may also contribute to our findings. Further studies are needed to interpret this discrepancy.
As shown by Chen and Kennelly (1999) for spanner crabs (Ranina ranina), pre-molt size only accounted for 15.5% of the variation in growth increment. Abiotic and biotic factors, including temperature, depth, and food supply, are among the things that may also be influencing growth increments (Annala and Bycroft, 1988; Chen and Kennelly, 1999; Hartnoll, 2001) . Further studies are needed to identify the effects of these factors and to potentially model growth of individuals from different habitats separately.
The period between molts was estimated as the time between tagging with the molt indicator and the time at which the exopod was replaced. This estimation assumes that shrimp molted just once before being re-measured and re-tagged. This assumption may introduce additional error in modeling the weekly probability of molting. However, the molt-interval study (Fig. 1) indicated that the minimum interval between successive molts was 9 days. Therefore, surveys were conducted at weekly intervals in order to minimize this error.
It is worth noting that the growth curves generated by the PSGC approach were based on growth data taken during the summer. Therefore, the growth rates generated may overestimate annualized growth, because of the warmer temperatures in the summer months. However, shrimp that settle in late spring through mid-summer should grow and reach maturity well before winter comes.
Ageing of Stenopus hispidus
Because the tagging study used individuals of all sizes in the prediction of growth increments and each run started with a settler, the mean growth curve (Fig. 5) is representative of true post-settlement age and thus provides a means of estimating the age of S. hispidus. Previously, the most reliable method for ageing crustaceans was through the measurement of the concentration of lipofuscin deposits: irregular yellowfluorescing granules found in the post-mitotic tissues of senescing animals (Sheehey et al., 1994) . However, this method is only possible in species that can be reared in the laboratory, in order to use known-aged individuals to devise a statistical model that predicts age from lipofuscin concentration (Sheehey, 1990; Sheehey et al., 1994) . Sheehey et al. (1994) concluded that lipofuscin concentration was more accurate in predicting crayfish age than a model using body-size measurements. However, the model that Sheehey et al. (1994) used in predicting age from body-size measurements was a von Bertalanffy growth model. The von Bertalanffy growth model is commonly used in describing fish growth, which is continuous, whereas crustacean growth is discontinuous. Because the PSGC approach produces growth curves that incorporate discontinuous growth as well as intrinsic variation in growth parameters, it may provide a more realistic means with which to age crustaceans than the von Bertalanffy model (as argued in Chen and Kennelly, 1999) . Therefore, whether the PSGC approach provides comparable estimates of age as a model predicting age from lipofuscin concentration warrants further investigation.
Fecundity
The significant relationship between body size, egg mass volume, and egg number we document is consistent with what has been shown for other species (Corey and Reid, 1991; Hines, 1991; Cha et al., 2002) . Indeed, Zhang et al. (1998) , previously documented a positive relationship between body size and a different measure of female fecundity (eggs/brood/g wet body mass) in S. hispidus. Our results differed somewhat from those of Zhang et al. (1998) (i.e., steeper slope); one explanation for this difference may be the difference in female sizes in the two studies. For example, as mentioned earlier, the mean female mass for this study was 3.01 g, whereas that for Zhang et al. (1998) was approximately 1.40 g.
Log 10 (egg mass volume) (V m ) seems to be a better measure of relative fecundity in S. hispidus than log 10 (egg number) (N e ), when regressed against log 10 (female length). One explanation for this may be variation in measuring egg diameters, because not all eggs retained their natural shape after preservation. Furthermore, because there was no significant effect of log 10 (female length) on log 10 (egg diameter) (d e ), no new effects of body size are being considered in the estimate of egg number over egg mass volume. Certainly, because of the imperfections in the shape of preserved eggs, our estimates of egg volume (V e ) may be excessive, resulting in an under-estimation of egg number. It would have been better to use fresh material and the formula for an ellipsoid when calculating egg volume, and that might reduce the variance in our estimate of the relationship between body size and egg numbers.
Conclusion
Herein, we present some of the first field estimates of valuable life-history parameters for one of the popular cleaner shrimps in the marine ornamental trade. We provide a method for ageing S. hispidus, and possibly other crustacean species, without the need of successful larviculture. In addition, we provide evidence for size-selective mortality in S. hispidus, as well as an easily attainable measurement of relative fecundity (egg mass volume) with minimal disturbance. With these types of studies on other cleaner shrimps and additional research, particularly to investigate: 1) the influence of environmental factors on growth, and 2) the physical and environmental factors that contribute to population dynamics and demographics (in particular their effects on lifehistory parameters), managers can begin to develop reliable management plans for harvested cleaner shrimps.
